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Table 19. Summary of concrete mix parameters (continued)

28-day
Water/ Slump | Unit Wt. | Comp. Str.
Mix # Cement Fly Ash Ash % | Cement | Air % | (inches) (pch (psi)
53 Dundee None 0 0.439 6.6 2.75 142.0 5920
54 Ottumwa 75 0.405 6.8 1.75 143.2 .
15 0.401 56 2.00 144.0 6640
30 0.371 5.8 2.00 144.0 7080
57 Dundee C. Bluffs 7.5 0.429 54 1.75 144.0 -
58 15 0.394 58 1.75 144.0 6320
59 30 0.375 6.0 1.75 144.0 6230
60 Dundee Clinton 7.5 0.422 56 1.75 142.4 -
61 15 0.403 56 1.75 144.0 6430
62 30" 0.408 5.7 1.75 143.2 6050
63 Dundee Louisa 7.5 0422 5.8 2.00 144.4 .
64 15 0.403 5.5 1.75 144.8 7020
65 30 0.380 56 2.25 144.4 7120
66 | S.Dakota None 0 0.424 5.8 2.25 143.6 6860
67 Ottumwa 7.5 0422 5.8 2.25 144.8 .
68 15 0415 55 2.25 145.6 6850
69 30 | 0390 6.1 2.00 144.0 7220
70 S. Dakota C. Bluffs 7.5 0428 | 6.0 2.00 143.2 -
7 15 0.429 6.0 2.00 144.2 6750
72 30 0.403 6.5 2.25 144.0 5930
73 S. Dakota Clinton 7.5 0.458 6.5 2.50 141.6 -
74 15 0433 58 1.75 143.6 5080
75 30 0.446 5.8 2.00 143.2 5170
76 S. Dakota Louisa 7.5 0.440 6.0 2.50 143.6 -
77 15 0.448 6.0 2.50 143.6 6800
78 30 0.408 6.0 2.00 144.4 7000
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28-day
Water/ Slump | Unit Wt. | Comp. Str.
Mix # Cement Fly Ash Ash % | Cement Air % | (inches) (pch) (psi)
79 Dundee None 0 0.476 5.7 1.75 142.8 5700
80 Ottumwa 7.5 0.464 54 1.75 143.6 -
81 15 0.466 5.5 2.00 144.0 5890
82 30 0.446 56 | 2.00 143.2 5680
83 Dundee C. Bluffs 1.5 0.476 57 2.25 143.2 .
84 15 0457 53 1.75 144.0 5460
85 30 0.441 6.2 2.00 142.0 5770
86 Dundee Clinton 7.5 0.476 55 2.00 142.4 -
87 15 0471 5.7 1.75 142.4 5460
88 30 0.455 5.6 2.00 141.6 4900
89 Dundee Louisa 7.5 0.476 6.1 2.00 142.4 -
90 ' 15 0.462 5.4 2.00 143.2 5950
91 30 0.431 5.4 1.75 144.4 6360
92 S. Dakota None 0 ' 0.466 5.5 1.75 143.6 6450
93 Ottumwa 7.5 0.458 56 175 142.8 -
94 15 0.448 55 2.25 143.6 6030
95 30 0.436 6.1 2.25 143.2 5900
9% S. Dakota C. Bluffs 7.5 0.458 6.1 1.75 143.2 -
97 15 0.462 5.8 1.75 143.6 5960
98 30 0.436 6.5 2.00 142.8 6180
99 S. Dakota Clinton 75 | 0476 59 2.25 142.8 -
100 ' 15 | 0476 55 2.00 143.2 5420
101 30 0.469 59 | 225 141.6 4710
102 S. Dakota . Louisa 7.5 0.476 6.1 1.75 142.8 -
103 15 0.453 54 1.75 143.6 5750
104 30 0.436 5.5 1.75 143.6 6490
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Table 20. Summary of concrete mix relative dynamic modulus (RDM) and growth (continued)

o | 10% Sulfate Soak . Synthetic Deicer Soak

Mix#| Cement | »Fiyash -ash % | RDM (%). | Growth (%) | RDM (%) | Growth (%)
27 | Dundee | _ None 0 100 | 0073 100 0.030
28 Ottumwa | 7.5 110 0.027 107 - 0.029
29 B T 11 0.024 104 0.029
30 30 110 0.021 110 0.021
31 | Dundee C.Bluffs | 75 108 0.030 102 0.028
32 15 109 0.027 106 0.027
.33 30 111 0.032 107 0.024
34 Dundee Clinton 7.5 108 0.017 106 0.029
35 - 15 114 0.015 106 0.022
36 30 111 0.015 109 0.016
37 | S.Dakota None 0 107 0.025 103 0.028
38 Ottumwa | 7.5 110 0.018 105 0.023
39 15 107 0.016 107 0.018
40 30 108 0.017 109 0.016
41 | S.Dakota | C.Bufts | 75 110 0.017 102 0.019
42 e s 11 0.014 104 0.020
43 2] | 30 115 0018 109 0.019
44 | S.Dakota | Clinton 754 116 0.012 107 0.002
as o &= s 114 0.009 107 0.016
46 - 30 119 0.014 113 0.010
41 | Dundee | Lousi | 75 109 0028 107 0026
48 15 <1 109 0.023 109 0.023
49 30 112 0.021 112 0.016
50 S. Dakota Louisa 7.5 110 0.019 106 0.020
51 : 15° 112 0.014 107 0.027
52 30 114 0.015 112 0017
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Table 20. Summary of concrete mix relative dynamic modulus (RDM) and growth (continued)

10% Sulfate Soak Synthetic Deicer Soak
Mix # Cement Fly Ash Ash % RDM (%) | Growth (%) | RDM (%) | Growth (%)
53 Dundee None 0 104 0.039 101 0.017
54 Ottumwa 7.5 107 0.019 99 0.020
55 15 103 0.013 106 0.015
56 30 108 0.007 103 0.009
57 Dundee C. Bluffs 7.5 107 0.023 101 0.017
58 15 106 0.018 103 0.011
59 30 108 0.012 102 0.019
60 Dundee Clinton 7.5 107 0.014 104 0.013
61 15 108 0.006 103 0.010
62 30 111 0.007 104 0.007
63 Dundee Louisa 7.5 104 0.018 102 0.011
64 15 104 0.009 102 0.014
65 30 107 0.005 104 0.006
66 S. Dakota None 0 105 0.006 101 0.009
67 Ottumwa 7.5 106 0.014 101 0.014
68 15 105 0.012 102 0.038
69 30 110 0.006 106 0.006
70 | S.Dakota | C.Bluffs 15 106 0.009 105 0.009
71 15 104 0.011 102 0.011
72 30 103 0.013 105 0.013
73 S. Dakota Clinton 7.5 105 0.007 104 0.007
74 15 107 0.003 106 0.005
75 30 109 0.004 108 0.008
76 S. Dakota Louisa 1.5 103 0.004 103 0.006
77 15 106 0.007 102 0.009
78 30 108 0.004 106 0.003
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Figure 1 - Appendix B. X-ray diffractograms of the three cements used in this study.
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Figure 15 - Appendix D. X-ray diffractogram of failed DUN + 15% CBF mortar; synthetic deicer soak test.
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Figure 17 - Appendix D. X-ray diffractogram of failed DUN + 30% CBF mortar; synthetic deicer soak test.
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Figure 7 - Appendix E. Jabens Aggregate, South Dakota Type V Cement, Ottumwa Ash Concrete
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Figure 8 - Appendix E. Jabens Aggregate, South Dakota Type V Cement, Council Bluffs Ash Concrete .
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Figure 9 - Appendix E. Lamont Aggregate, Dundeg Type I Cement, Clinton Ash Concrete
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Figure 10 - Appendix E. Lamont Aggregate, Dundee Type I Cement, Louisa Ash Concrete
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Figure 11 - Appendix E. Lamont Aggregate, Dundee Type I Cement, Ottumwa Ash Concrete
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Figure 12 - Appendix E. Lamont Aggregate, Dundee Type I Cement, Council Bluffs Ash Concrete
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Figure 13 - Appendix E. Lamont Aggregate, South Dakota Type V Cement, Clinton Ash Concrete
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Figure 14 - Appendix E. Lamont Aggregate, South Dakota Type V Cement, Louisa Ash Concrete




l]

L §
I _ _ 1

SR

Failure Criteria -'7

0.10
0.09 + —3¢— control
—_— . 15% .
0.08 =1+ e 15%
— 30%
0.07 4
W
. 0.06
]
]
4 0.05
<
=
e} 0.04
0.03
0.02
0.01
0.00 - .
0 10 20
Years of Field Performance, USBR - 10% Sulfate Soak
Fajlure Criteria -7
0.10 .
0.09 4+ =3 control
A |— 5%
0.08 +{—®— 15%
gy 30%
0.07
®
- 0.06
s
]
Z 0.05
<
=
P 0.04
0 10 20

Years of Field Performance, USBR - Synthetic Deicer Soak

Figure 15 - Appendix E. Lamont Aggregate, South Dakota Type V Cement, Ottumwa Ash Concrete
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Figure 16 - Appendix E. Lamont Aggregate, South Dakota Type V Cement, Council Bluffs Ash Concrete



